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B. .. (ELECTRON INJECTION LAYER) 
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(57) Abstract: A white organic electroluminescence device com- 
prising, between a pair of electrodes, two or more light-emitting layer 
and an electron transport layer made of a nitrogen-containing het- 
erocyclic derivative or a silicon-containing heterocyclic derivative. 
The energy gap of the host material contained in the light-emitting 
layers is limited in a specific range, and the energy gap of the nitro- 
gen-containing heterocyclic derivative or a silicon-containing hete- 
rocyclic derivative contained in the electron transport layer is limited 
in a specific range. The ionization potential of the nitrogen-contain- 
ing heterocyclic derivative or silicon-containing heterocyclic deriva- 
tive of the electron transport layer and that of the host material of the 
light-emitting layer in contact with the electron transport layer sat- 
isfy a specific relationship. The white organic electroluminescence 
operates on low voltage at high luminous efficiency, have a long life, 
and does not change in chromatid ty. 
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-^K^^^/H, 1 - f n y J)^l, 3 - fc° 

p y tr 9 v>=-/w^ 2 - f y -^ = ;H, 3 - tf V ^ = /H, 

4- t°y^^/VS> l-/fVK!)/H, 2 -'f V /VS, 3- 

>f y Ky /vS, Ky/H, py/H, 6 - ^ y 

w v k y ^ £ * 3->r y>fy ku/vs, 4-^y^y Ky^s, 

5- ^y^fy Ky^l> 6-^y^fy kp^S, 7-^y^yF 
y;i/I, 2-7y^s, 2 -^y>? ? 5 
3-^y/77->l, 4-^y/77=^S, 5-^yy77 
= e-^yyy^/vS^ 7-^yy77=/vl, i - 4 
y^yy77=/>l, y^yy77=/vl, y^y 
/79-/H, 5-^y^yy77 = ^i, 6-0^^/77 
= 7->f y^yy*7?sMi s 2-^;!)/H, 3 - * ; 
y 4-^y !)/H, 5-=^y y;vs, 6-^y y/vi, 7 
-^y y/H, 8-^y y/vs, i-^y^/y;v|, 3 - ^ y 
^y y/n, 4->fy^y y/H, 5-^y^y y/H> e - -< 
y^y y/vs, 7-^y^/y^s^ 8-^y^y y^s, 2 - 

I, l-^/v/^/yM, 2-^/w^/y/n, 3-*^^y*y 

4-*/i'^ , /y/i'S, 9 - # ^ / y iv m , 1 - 7 
^ y ^ = ;H> 2-7ity^y^-^$, 3-7sty^y-7 
^;vi,4-7ity^y y^;vsj-7ity^y v ? -/^*> 
7-7xty^y -y-/vs, 8-7ity^y ^-/H, 9-7 
xty^y^ = /H> io-7ity7>yy = /H, i-r^y 
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2 - -f ;VS, 1, 7 - 7xtV^B 5 V-S-^/I'IIn 1, 7 - 
1, 7-7xty^P , ;y-6-'f/l'S, 1, 7-7 
-T^S, 1, 7-7xtV^oyy-10-^^!, 1,8-7 

^/V'S, i, 8 7 * > x n v 1/ - 4 - 4 * & > l, 8-7m 

1, 8-7xt>'^P^-6-'f 
/VS, 1, 8-7xty^n!)y-7-^/l'S, 1, 8 - 7 * 
y7a!)y-9 1, 8-7xty^P!)y-10-^ 

/H, 1, 9-7itJ'^P!)y-2-'f>is 1 , 9 - 7 * 

y^n!)y-3-^f/H, l, 9-7xty^P'J y-4-^f;v 
£ N 1, 9-7xfy^n!)y-5-^i'S < 1, 9 - 7 * 
7nyy-6-^;H 1 l,9-7xty^B!)y-7-^;vl, 
i, 9-7xty^o!)y-8-^;vS, i, 9-7x.-fy*v 
y^-i o-^/via, i o-7xty^My-2-^/H, 

1, i o-7xty^o!)y-3-^vS, i, l o-7xty 
xp!)y-4-^;H, l, l 0-7ity^pU V-5-^;v 
g , 2, 9-7ityxpijy-i-^/H> 2, 9-7xty 

2, 9-7xty^oyy-5-^f/i'S, 2, 

y v-6 ->f/vS,2, y ;y - 7-1' /vS,2, 

9-7xty^My-8-'f/H, 2, 9-7xty^p!)y 

-H-'f/vi, 2, 8-7xty^p!iy-i-^^I, 2, 

8-7xty^B!)y-3->f^I, 2, 8-7^-7-^^nyv 
-4--Y/l^S> 2, 8-7^-^^^r3y^-5--f/l-S, 2, 8 
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7--f/Vl, 2, 8-7xfy^P^-9-^H> 2, 8- 

1 - >f ;V S , 2, 7-7xtV^0 U y-3-^f;l/S s 2, 7 - 
7xty^o y 2, 7 - 7xty^ d y y - 5 

- -f * * , 2, 7-7xfy^a y y- 6 -I'/H, 2, 7-7 
xfy^n !) y-8--f/vl, 2, 7-7ity^nyy-9- 

1' ^ S > 2, 7-7ity^MV-l O-'f/VS, 1 - 7 
v^^/H, 2-7st ^ = l-7x/f7^/l/I 1 2- 

7x/f7^ = /VS, 3-7x/f 7-y^/H, 4 - 7 ;n / ^ T 
= 1 0 - 7 x ; f 1 - 7 x ; ^rt = /H, 

2-7x/drt^^;H^ 3-7xMfv? = /H, 4 - 7 ^ y 
^ti^^/H, 1 0 - 7x7 ^rf^^/l/S, 2 

2-a-*u-^ry*y 

/H, 5-t^t'77/!)/i'S, 3 - 77f ^;vS> 2-^^~ 

2 - J ^-Ay\f v — )V - 1 - 2- 
y f /nf o-/v- 3 -^f 2 - ^f /nf o-^ - ;wS, 

2 -7* ^/Vtfn — ;v- 5 3 - ^f n- ;w - 1 - >f 
^S, 3-^f^^P-;l/-2-'f;VS, 3-^f-/Vk°n—/V'- 

/\> - 5 - 4 JV& > 2 - t - "7 f l\> 
1^0-^-4-^;^, 3 - (2 - 7x^/V7p t'/V) t° p - /> 

-1 -^f;H, yKy^s, 4 - * /y - 1 

->f y K'J/vi, 2-^f;v-3-^FH/H, 4 - * 7- /v - 

3 - 'f y K !! /vl, 2 - t - -ff-jv l-^y K!) /H^ 4 - t - 
7f/n-^y Ky^S, 2-t-7f;v3-^ y Ky/vS, 4 
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2-;/t~/vS. 3 -^r=;vS, 1, 3 -7 9 V = 

2 , 2 - ^ hU/Hf^/VS, 1 , 2 - i? MI/Hf = /I^S, 1 - * 

-7ii;V7!)/Vl, 2-7xs;l/7!)^S, 3-7x=^7U 
3, 3-^7x=:/l/7!l/VS, 1, 2-^^f;I/7!)/H, 
1 - 7 x ^ /V - 1 - 7f=/V|, 3 - 37 re =. - 1 - :/ x = ^ S 
^ # ^ ff h ft 5 o 

^^07^=*f/vlt Itl^ ^ n 7* d fc° S , %/ $ n 7* ;v 
36 ^ V ^ n ^ > ^ S ^ ^^P^^iy/V^, 

7!l-/l'7 5ySt Uttt, Wttf, ^7x5^75/1, 5? 
F!)^7^; ;l, J^t7fyl'7?/i 1 t7f^7x=/V7?; 

s # &m if h ft a o 



CsS*. Ar 5 \ A r 6 ' K^A r T ' ft, ft € ft $ £ K > tt& 
fcL<tt&«&<&!fc*lJi[^#6~40©#*;£a£&^L,*ftfc 




[vi) 
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Cvii) 



A r 8 ' , A r " , A r 1 " , A r 1 3 ' RXfAx 14 ' te, 

%ti?tim±\Zsm&i> u < \tmnwi:<Dmmm^w:6 ~ 4 o ©- 

|C^|«lBUAr 1 °' & A r ,2 ' {* , *l ^ ftM £ 

A 8 ' ~ A r 1 4 ' H-oli^f y;v!X«^f 

y uyl^^^i?^tu<, h k «s -eft -eft o-2©l 

±y „ 7ify hvy, b° I/ ^ , a n ^ y , t*7a^/V, ^ — 7 

* s /K tr o — /k 77V, f t7iy, s<y y~ fit 7 ^y N 
^t^r/!/y, i>7x-^7>i>7tv, 4 y Y V y , # /w* 

~ /K t s y i^y, ^yy^f-y 7 7 v r ^ , 7tt7i- 

# -e # 5 Y-'*y b o v> X ft W "T 5 o w © i 5 * F - * y b fc 

ft £ o 
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C^^^Ar 1 " ,Ar 2 " RXjAv 3 " \t % ^ tl ? , 




Cix] 
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C5£* % A r 4 " RTfiA r 5 " » x * tl € ft & & , 
6~3 0(07 D-l'yI 1 E 1 RtfE 2 * * ft ft $1 A Kl > 
^^i^^f $c 6-3 0©7'J U < tZT XXM^X 

ftS/T/g£^L, q' 1 - 3 <Og3& & UM/XfiVH: 

T V -W&O&frmb UT^.MIBLfcT y-;H©I^fJ 

ft 5 o 

(A), -B Cxi] 
( 5fc * , A , & f!f EC ^ ft 1 ~ 1 6C7/V^/HH<tt7^3 
^V/l'SJiIfi6~3 0©fiH<(lllIt©7!;-^ 
£>^^il^fc6~3 0 Ofi&t L < liIfiW7;^/V7^ 7 

» s x«^^Ji^^:6~3 ooiit) l< nmw&vr V — AST 
% j B&i%mf%*%ki o~4 o (Dm&%^nm^*^ u r 

HI— 4<DSE»**"fo ) 

fe> ft S o 
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~ * 3R K - y h £ L T 14 , fa \ZM pg it t£ & y % <o j. 
*JV*?~ 3? ^ 5/ 7° E g # 2 . 6 5 e V*iT»i!>5 |>©^jf*LV\ 
r tf> J; 5ftifife~#£^ K - ^ h U X it , 7 /v 7 > t > # ft 

HU Cl] ~ [1 8] * § ;h, 5 4fc * & 3Mf 5 £ 
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C-JttsS CD ~ C i 6] x 1 ~x 20 te, %ti?tim& 

^3f^$C 1 ~ 2 0 ^T^^r/l^ B0L t> b < tegt^B 

ft t U< (i^g^Oj^^J^T-icl ~ 2 0 (O T /V =3 * i/ a, g „ ft $ 

f*4&fi&<7>$ijH^-$:7~3 007 V - )VT )\<* )VT % y & x 
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Xtt, MI5 tfc fcO<?*s#tf 6*1 -So T V - /VT /V* ;VT % / m<D 





& it »c % m. & t> u < fiiie^^^^j^^fci ~ 2 o 

9 , R""iR ,, "Rtf/XttR""iR , "' , li, &3lt-&3lf 
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~R ia '" ft, TK^ii^x ft ft, ^«H<liltoliU 
< « ^ # ©g& t> l< tt & & © 18 * jfc * # 1 ~ 2 0 © 7 ;v a 

* WVg.g&fc L < tt&gm<3 1*311®*$ 6 ~ 3 0 ©7 y - 

»,MH<itit*oinm*8^3o©7y-^**'/ 

L< ttft**©i**«*«6 ~ 3 0©7!)-/l/7 5; 
S,Eit L < te$Sg&©#?3ifE*#Cl~3 0 0 7/^^7 5 y 

/^7 5 / IXttfiH < liitlro^iff i: 8 ~ 3 0 ©7 
7^^r/l'S,7/V3^'>/l'S,7 y -/VS J y — * =*r £ , 

ry-yWT^yS, 7;v^;i/7?;l, 7 ^ = /v g © ^ ft $J t 
Lt(4, ^IBLfcfc^^^^jfbtiS, 7!)-;V7;^;v7 5 / 

feHTjtliH-n y/^iH^I 0 2 8 1 3 8 1 ^•^^(C 
77^f ^t'7yl»#,^-y7^f ^ft^y^Mfr, 
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(H 5 C 2 ) 2 NHQ-g=g- 1 Qp CH 2 

cn /Cn cn 

(vv7/>fl/>t7» 



(H 5 C 2 ) 2 N 





^y>FU7 K Eg(ETM)=2.0Ev 
;U?U> Eg(ETM)=2.2eV 
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# m \f h ft ^ * KH& © {tit IHt, 




3 



CF 3 

















> 










O 


3 


o 



m r , f§ *j ^ 5 m^-iiii^w k ^ * ti % f;mm&mm{\:& 
(i) 

H A r - L - A r 1 - A r 8 (1) 
HAr tttit Kltjlf^iD^lfliii, Ar 1 
ftgitK te&g&co$|jfgli:6~4 0(P2flj©^#i£#Hb 
TkfSfg, Ar 2 l*S&& U < KmU&<Ofc%& 6 ~ 4 0 (OX V 
-/ViX«Iit)t<«:lii©^it3-4 0©-«f nry 

( 1 ) |J1*JV*T» tfUBH A r Ht, TI5-^^ ( 2 ) ~ ( 2 
4) , (A) ©^f^^i^^l^^t^liiS^ 
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(5£*, Rtt, S&t>L< tt&ftm<P&5fcft 6-40?)T!)-/V 
~5tf>S!&-?fc9, n J&S 2 &± 1S$C<Z> R ft H Wc H3 - 



(it*, R 1 ft, ^ti^tuaStm, 7k^E^, ^n^vJl-^, 
ft & t> L < f2$Sft&<D$fiifCl~2 OCT/^/l'SJilt U < 
r± ft * © & * ft 6 ~ 4 0(D7^;HJIU< (2 ft m tf> 
&*ft 3 ~ 4 0(D-sfo7!i-/Vi,X!ii^^f«f fifeS-Cfc 
19, Zft> ggPff^, flfcHlg^XfiNR ' (R* ftffrfER 1 £ 
* Plfil-CfcSo ) x 2 ~ 8 <DSEft-?*>5„ ) Xftft&fc 

<7) a« # ff b tb § „ 

iEHA r ft, TIB (2 5) ~ (4 4) 




(A) 
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S,iliU< f3 8*smtf>$^$: i~2 o©7;^;HXI*f i 
- # a; (i) tc r , fiiEAr 2 & % tih-^5s: (47) 

~ (53) 
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(5*5*, R 3 tt, li&fc L 6 ~ 4 0 ©T !J 

0~9©SE#, q»0~5(0i|['efe!)> pXttp + q^2^± 

$COR 3 |*l ± a* LXSItii^^^ Lt t =fc V> 0 ) <£>V>1*ft 

^fa7!)-;H, T /V 3r £ & t>* T a ^ 5/ /V 

S©A#«HTI1, «(riBLfcto«jt*s#»f fetus. 

- ^ 5$ (1) K&In-C, tu IE A r 1 ri* N TIB — (54) 
X ft ( 5 5 ) 



38 



WO 2005/006816 



PCT/JP2004/009290 




<(iiiiO^it3~4 0©A7P7J)-;l/S N iiU<li 
©S^ltl~2 0©7;V3^rV;vS-Cfc?), Ar 3 RtfAr 4 

i LTft,#H¥ 0 9-1 9 4 4 8 7 3$ }C IS « O 
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ami) u< tt«ii©^f nfxftxiY^is^ttisftti 

7^^r/i'^/v^ = />S, 7!)-/^;^ = , 7/V3^^*^ 
Jjf = /VS % 7!)-/^*^*/^ = /^, 7/1, 7 As^r Asfj As 
tf — Asti-^i/Sss 7!)'-/i'*;^-/i't^Vl, T /v a ^ V # ;v 
jjf ^ yl/ # dr <X S , T y — 4/ * * 9 S 3) /V tf5 n /V tf- ^ 5/ g , X y J 
~ As & , ^/P7t-/VS, ^^7r=^S> -VP/H, * Ay 
^f;i'S,7!J-/vS^fPiI,7/v^-/H,7;^ = /vS, 
^FpI, = ^y|, * ^ ;v # ^ g , y V 

7/1, i/7^-M, OV7^-M> ^^-iXT^-hS, 

t> u < » fc« Lfc*Jir-c* * (fc«i,R. x 

tt , -fliJMb****, R 2 & R 3 tt . r /i' ^ « , 7D- 
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ttl&tf fl±i-*5G]£*:#LT^S. -MCISMIC, 3E7L 

IftSIl (IE?L&A)f ) > 3§ftl > S*fcJ*Tl* 

W £ l/T, *%^©fiE fcoV^ Tift t5, 

(4 eV»i) ^1, «*ft*ttflS^*»tJRiil6)Oa^ 

$ % M&tfo'St b %> <d ifitfriz L < ffiv* £> frv <5 0 wOJ; 5 & IE $i 

H5f O^ft^Jt UTIt> AuftiffD^l, Cul, I TO, Sn 

o 2> z n oft £G>i*«ttS9i*masstf 6 ^5, £ tl 

h <d mmm^: * m m*? * * v * v v r & if v *m t £ 0 % Hi & 
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n m ~ 1 Mm, & £ L < & 1 0 ~ 2 0 OnmOfSIS-ejlkfftSo 

mmtvxi-i, it*«iic(D/h^vN (4ev^r) ^i, 
nHfcM>&fc&^Rx*ztib<Dm£mznmyon tt z -baft 

t h d v u - % y ? J* ^ & , v ^ * v 7 a , ^ * *s v a - 

9 A & , A 1 / A 1 iOs, >( TArX-V*-*)* 

* /< y ^ y y ft* if (c <t «? N ZMtf, $ * 5 c t k <fc 

tIQ/DP;T*S|fSl<, ME* fit , 5i * 1 0-5 0 Onm, # 
* L < f± 5 0 ~ 2 0 0 nm^®g|-eiitftb6o & fc\ lift £:gi§ 

0>$km&%mmfc&yo, ^y^t^t/-/v^, ^y 
^ r / - /V ^ , ^< y y >f $yy-yv**ifo*3tJie»j, & m ^ 

vy, 7xty H/y, tr w ^ , ? V ± ^ , ^< V \/ y^feZ^te 
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¥ZmtfZ>~btf~CZ?>o MctttoKtt, 1, 1, 4, 4-f 
7x-/V- 1 , 3 - 7 * *? , 4, 4' - (2, 2 - 7 * = 

*3BWO*«E L*-T-t*5rt5jE?L*ftSI* (jE?L&AJ1) 
3E7L^s3i'fb'fr*3&»feft -5 t> W.tfcotJiJ: •? aASftfcjEft 

4: tf>R8 5 r £ (c J: •? , £ t) fc^nft$UJnx>& < OjEH 

iBfcfffttSIfoililciO, »ft*rt©*iSK:*»3ih,, 31 

*3»*#i*i-hi-$ ft ^**tt*o*tbfc*^*«»fe ti5 0 £ o± 
nn&wtiazfrfz 2 mommm^mm & nx , mm** tbiEiL&m 
0a a. , 1 0 4 ~ 1 o e v/ c moi^^jiniifc^/^ hi 0 ~ 

6 cm 2 /v • ^©iEa*ii««r*-*"*t)©35«#ar-c*>5o - <n 
iEiimmfc&®Ki^x\-i,tfm<Dfr-& uv^scfc^-t-s *><dx 

N , N, N ' , N ' -7 1 Yyy^=-;V-A, 4 ' -^75/7s 
= /K N , N ' - 7 i - /V - N , N ' - 5* (3-^f^7s = 
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AO - 4 , 4" - ^7?/lf7ii/V (TPDA) , 2, 2 - If 
^(4-^-p-hy/VT^y7 , 3 i^;W)7 P C2/-?y, l, 1 - If 
* { 4 - i? - p - MJ;V7^ ; 7i-/l/) v^^n^drf-^, N, 
N, N ' , N ' -f^7-p-H/V-4, 4' - 7 S / If 7 

^-frte Htfmtf btiz> o $ it , s i , s i c , cds^ol 

AJitt, iii tf> jETL&A**** llXl^ltti:^^^ 1ST? 
4& fe * 3E ?L & A 0 & M L © o t J: i> . 

h%^#i-&m*tffoZ> 0 * # 38 9Hb £ <fc « 5£ ft K 

nit, Lv>js5ci4 Kw?y h t L-cr4ffc*BB»# 2 . 9 e 

VHTCfcO#»H< JUffEftttt^Na (it* R ft : 2. 
36eV) % K (ft* gift : 2 . 28eV) , Rb ({£*Hft : 
2. 1 6 e V) &tfC s (ft*BBft : 1 . 95eV)*>feft*«i 
J&»fe»fc£*l5 1«;*f42S^±©7'A';fr>J&M* % Ca (ft* 
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mm : 2 . 9 e V) , Sr (tt*Hft : 2 . 0-2. 5 e V ) £. 
t*B a (jt^mm. : 2 . 5 2eV) ^fcft 8#!i>bIJRH5 1 

mxti 2Msx±<dt ru* y ±«&jR*sagtf e>*i*. & © 5 ^ 

J; 0 »* LV*3S5g«- K-^V HtK^Rb £tf C s fc 5$ 
fc »^ * *t 6 1 «X tt 2 «£t ± © T * y ^ J| -X? ife 5 , S 6, K: 

-Hbor/^ y Qticm7im?]&m< s «^&a«^© 

^f^ift^S^tS :H^t5, ftSFgi&dS 2 . 9 e 

V^TcPSTcte K-/<^ h t Lt,: ft fe 2 l^iOT/^ y & 

J*, tf * C s £ N a , CstK, C s i:Rbfe§^liC s iNa t 

ft 5„ $fc> T/V* y &m<D$S.\ZT ]) &m 

M©/M3^y-fk^^t^T;v* y ± ffi & JR © ^ n Wfc «> a> b ft 
5i¥£>£>jliR£ft5 HXtt2aet±04Jlft^«i*ftffiLt 

^^ftT*M£ft£1t^&AJl££ tetttfC t> J: & 
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it ® t> ft 5 m b M®. <* ti 5 i m x & 2 a & ± © & m ^ % 

£ # S L ^ 0 &£Lv^/u#y&Ji;*j/v:3y^, 1 ' KHTIi, 

A # ft (4 , W *- H? , Li.O, LiO, N a 2 S , N a 2 S e 

0? n a o ff h ti % „ 0 * t r /v- ii y ±m& m -h >\> 3 r+ 4 

KHXtt, Wittf, C a O , B a O , S r O , B e O , BaS 
C a S e *s*rf e>4l*. Sfc.^&L^T/i^y&JiO/Na 

^Wfc^i: ltd, Mx.«, L i F, N a F, KF, L i C 1 , 

K C 1 XVN a C 1 »«S*Wfen5.#* UV^TA^* y ±JHAJR 
tr ff^ik® t IsXti, M&tf, C a F 2 , B a F 2> S r F 2 , 

Mg F 2 & B e F,*^7yjkft^, 7 y ftfeSt^O/N n y 

*fcx«*aA0&«#1-$¥*#fcLTW\ B a , C a , S 
r , Y b , Al, G a , In, Li, N a , Cd, Mg, Si, 

T8,Sb»lFZn^&ft5»»>&l«Sh5itXtt2aK± 
* bVN„ fl^aA®^itlfeOfi«|^'&^^«^§nTV>tt«, 

.has ufcT/i^* y y-^-r k, r y ±^&n# 

^ 3 ^t^ k, t j\<13 y ^jpco^ oyw^xvr/^ y ±m& 
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1 (imglTJIUttl 0~ 2 0 0 nmO|ffl <D mm & S <fc 

# — N#D$i?.g.$?5 0~4 0 0 c C x ISIl O'^l 0' 8 
Pa, IfitO. 0 1 ~ 5 0 n m/#, 5 0 ~ 3 0 
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